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CC BY-NC-ND license (http://creativeBackground/purpose: It has been confirmed that polyphenolic compounds present in food have
various pharmaceutical functions. The purpose of this study was to evaluate citrus polyphenol
(CP) for dental applications. The culture medium with CP was developed to inhibit the prolif-
eration of oral cancer cells. CP could be used as a supplemental compound for topical appli-
cation for oral cancer patients.
Methods: In this study, the metabolic activity and cell toxicity of CP (at concentrations of 1%,
0.1%, and 0.01%) for oral and cervical cancer cells were investigated by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide and lactate dehydrogenase assays (n Z 6). Further-
more, the effects of CP on motilities of oral and cervical cancer cells were also evaluated using
a scratch assay model.
Results: We found that the growth of Ca9-22 and HeLa cells on tissue culture polystyrene was
greatly inhibited when 1% CP was added to the medium. In addition, significant differences
(p < 0.01) in cytotoxicities of oral and cervical cancer cells were observed after 6 days in
the culture medium to which 1% CP was added. Furthermore, using a scratch assay model to
evaluate the migratory abilities of oral and cervical cancer cells, it was also found that CP
could inhibit the migratory abilities of cancer cells.
Conclusion: The results confirmed the feasibility of the topical application of CP as a supple-
mental compound for inhibition of cancer cell proliferation and migration.
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172 H.-C. Tsai et al.IntroductionOral cancer is regarded as one of the most frequent cancers
occurring worldwide and is frequently associated with
environmental carcinogens.1,2 Epidemiological data in-
dicates that oral cancers rank fourth in the cancer inci-
dence among Taiwanese people.3 Previous studies have
shown that oral cancer in humans was often caused by to-
bacco use and excessive alcohol consumption.4,5 Tradi-
tionally, chemical drug therapy, radiation, and surgery,
chemotherapy, and radiotherapy, separately or in combi-
nation, are used for the treatment of oral cancers.
Recently, many extracts from Chinese medicine have begun
to be used as a new strategy for cancer therapy; for
example, Ganoderma lucidum polysaccharide and extracts
from Aristolochia could induce apoptosis of human colon
cancer cells.6,7
Noticeably, various polyphenolic compounds found in
food have been confirmed to have different pharmaceutical
functions.8,9 Previous studies showed that green tea poly-
phenols could inhibit the growth of breast, lung, and cer-
vical adenocarcinomas by blocking the c-terminal polo-box
domain of polo-like kinase 110; moreover, red wine poly-
phenol extracts are found to have superior antiproliferative
activity in colon cancer.11 Apple flavonoid-enriched frac-
tion isolated from the peels of Northern Spy apples also has
anticancer properties in human hepatocellular carcinoma
cells12; polyphenol obtained from Kuding tea can also
significantly inhibit proliferation and induce apoptosis of
human buccal squamous cell carcinoma cells.13
In addition, many studies have also shown that poly-
phenol from fruits, such as Garcinia mangostana, hawthorn,
and longan, can inhibit proliferation or induce apoptosis in
colon, breast, or prostate cancer cells.14e16 However, to
date, the correlation between the effects of citrus poly-
phenol (CP) and the behavior of oral cancer cells has not
been reported. We tried to assess whether CP could be used
as a topical anticancer agent to inhibit cancer cell growth or
migration. In this study, a polyphenolic compound from cit-
rus juice was tested to find out whether it could inhibit the
proliferation and migration of an oral cancer cell line, Ca9-
22. The cytotoxic effect of CP on oral and cervical cancer
cells was investigated. Furthermore, the effects of CP on
cellular motilities of oral and cervical cancer cells were also
evaluated using a scratch assay model.
Materials and methods
Citrus polyphenol
The CP used in this study (Sinetrol-WS SWS130218) was
purchased from Fytexia (Vendres, Surgeres, France).
Cell culture of Ca9-22 and HeLa cells in the medium
with or without CP
The protocols for cell culture were modified from those
used in previous studies.17,18 The cell lines used in this
study were a human gingival squamous carcinoma cell line,
Ca9-22, and a human cervical epithelioid carcinoma cellline, HeLa. The cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% fetal bovine serum (FBS;
Biological Industries, Kibbutz Beit-Haemek, Israel), with
the culture dish incubated at 37C in an atmosphere of 95%
air and 5% CO2. The cells reached confluence within 3e5
days, and were then rinsed in phosphate buffered saline
(PBS), detached by trypsinization with 0.05% trypsin for 5
minutes at 37C, and spun down. Subsequently, the cells
were suspended in culture medium, and soon after they
were seeded at a rate of approximately 20,000 cells/cm2 in
a 24-well culture plate (TCPS; Coring, Tewksbury, MA, USA).
Four hours after seeding, when all cells adhered to the
culture plate, the culture medium was changed to DMEM
containing 10% FBS with 0%, 0.1%, 0.01%, or 1% CP. CP will
be used for topical application in oral cancer patients in the
future; thus, in order to maintain the same concentration
of CP, culture media were changed every day for all ex-
periments in this study. Cell morphology was observed
under a Lieca DMI600 inverse phase contrast microscope.
Analysis of cell activities with MTT assay
Cell viability was evaluated by the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide assay (MTT; Sigma-
Aldrich, Louis, MO, USA).19 Since mitochondrial de-
hydrogenases of viable cells cleave the tetrazolium ring
selectively, yielding blue/purple formazan crystals, the
level of reduction of MTT into formazan can reflect the
level of cell metabolism.20 For the MTT assay, the culture
medium was removed after a predetermined culturing
time, and then cells were incubated with 0.2 mL of MTT
(5 mg/mL in PBS) for 3 hours at 37C. After incubation, the
medium was aspirated, and the formazan reaction products
were dissolved by dimethyl sulfoxide in PBS and shaken for
15 minutes. Optical density of the formazan solution was
read on an enzyme-linked immunosorbent assay (ELISA)
plate reader (M2e; Molecular Devices, Sunnyvale, CA, USA)
at 570 nm. All samples were assayed in six experiments,
with comparable results.
Evaluation of cytotoxicity with lactate
dehydrogenase assay
In order to evaluate the cytotoxic effects of CP, Ca9-22 and
HeLa cells, at a density of 2  104/cm2, were plated in 24-
well cell culture plates (TCPS; Coring) in DMEM medium
containing 10% FBS with 0%, 0.1%, 0.01%, or 1% CP and
incubated at 37C. After 4 hours, 3 days, and 6 days of in-
cubation, about 100 mL/well supernatants were collected
and added to a new 96-well plate, and then 100 mL of
lactate dehydrogenase (LDH) assay solution was added to
each well for 30 minutes and incubated at 37C. Then,
50 mL of 1N HCl was added. The absorbance was recorded
by an ELISA plate reader (M2e; Molecular Devices) at 490 nm
and 630 nm. All samples were assayed in six experiments,
with comparable results.
Evaluation of cell motilities with scratch assay
According to a protocol detailed previously, a scratch assay
was prepared from cell-confluence well according to a
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were cultured in DMEM containing 10% FBS and cultured
until confluence. In order to create a rectangular scratch, a
monolayer was gently scratched by a pipette tip. Then, the
culture medium and detached cells were removed. The
scratched well was washed twice with PBS and fresh me-
dium with or without CP being added; the cells were then
cultured for 18 hours and for 2 days. Furthermore, cell
motilities were measured by an inverse phase contrast
time-lapse microscopic system (Leica DMI600; Leica,
Biberach, Germany).
Western blot analysis
The protocol for Western blot analysis of Erk expression
used in this study was modified from that used in a previous
study.25 In order to understand the mechanism of the effect
of CPs on HeLa and Ca9-22 cells, after removing the me-
dium, cells were washed twice with PBS and then collected.
Cell lysates were prepared with ice-cold lysis buffer for 30
minutes. Lysates were clarified by centrifugation at
14,000 rpm for 30minutes at 4C, and the resulting super-
natant was saved for Western blot analysis. For Western
blotting, the supernatant was added to an equal volume of
Laemmli sample buffer (62.5mM Tris, pH 6.8, 25% glycerol,
2% sodium dodecyl sulfate (SDS), 0.01% bromophenol blue,
5% b-mercaptoethanol) and heated to 95 C for 5 minutes.
Proteins were separated by SDS-polyacrylamide gel elec-
trophoresis on 10% polyacrylamide gels and transferred to
polyvinylidene fluoride membranes. The membranes were
blocked with 0.6% I-Block solution (Applied Biosystems,
Beverly, Boston, MA, USA) and then incubated with primary
antibodies (a monoclonal rabbit phosphor-Erk antibody,
1:2000, and a monoclonal rabbit Erk antibody, 1:2000) at
room temperature for 2 hours. After washing, the blots
were incubated with HRP secondary antibodies (1:2000) at
room temperature for 2 hours. Finally, the proteins on the
membranes were detected using the enchanced chem-
iluminescence (ECL) agent and the protein images were
captured by a ultraviolet products (UVP) bioimaging system
(UVP, an Analytik Jena Company, Jena, Germany).
Statistical analysis
All statistical analyses were performed using one-way
analysis of variance, followed by a post hoc procedure
(Duncan’s test), with p < 0.05 or p < 0.01 being considered
significant for all tests.
Results
Cell culture of Ca9-22 cells with or without CP
The effects of CP on Ca9-22 cells were investigated by
culturing the cells in the medium with or without CP. As
shown in Figure 1, behaviors of Ca9-22 cells cultured on
TCPS with 0%, 0.01%, 0.1%, and 1% CP were compared. The
results showed that Ca9-22 cells in media containing
different concentrations of CP started to attach to TCPS
and also showed the morphology of cells at 4 hours ofincubation. After 3 days of incubation, a growth of Ca9-22
cells in the medium without CP or with 0.1% and 0.01% CP
was found, displaying a confluent morphology; it revealed
that the growth of Ca9-22 cells was not inhibited when the
cells were cultured on TCPS in the medium containing 0.1%
or 0.01% CP. In contrast, in the medium containing 1% CP,
the morphology of Ca9-22 cells was smaller and suspension,
and the cell number was lesser. Furthermore, it was
observed that the cells showed a tight morphology in the
media without CP or with 0.1% or 0.01% CP after 6 days of
incubation, and only a few cells were observed in the me-
dium with 1% CP.Cell viabilities of Ca9-22 cells in the presence or
absence of CP
An MTT assay relies on the abilities of the viable cells to
reduce a water-soluble yellow dye to a water-insoluble
purple formazan product. Figure 2A shows the MTT con-
version of Ca9-22 cells cultured on TCPS in the medium with
or without CP. Regarding the MTT reduction activities of
cells, it was observed that MTT conversion of Ca9-22 cells in
the medium with 1% CP was significantly lower than that in
other media at 6 days of incubation. These results indicated
that the medium with 1% CP was able to inhibit the pro-
liferation of Ca9-22 cells.
Next, the toxic effects of CP on the cultured cells were
quantitatively determined by measuring the release of LDH
into the culture medium in the same experiments con-
ducted for the reduction of MTT. As was shown in Figure 2B,
the release of LDH of Ca9-22 cells in the group of the media
containing 1% CP was lower than those of the media without
CP or with 0.1% or 0.01% CP. A significant difference
(p < 0.01) was observed after 6 days on culture. This was
consistent with the results shown in Figure 2A where the
number of Ca9-22 cells on TCPS did not increase in the
group of media with 1% CP. Therefore, it was suggested that
the medium with 1% CP would inhibit the growth of Ca9-22
cells.Scratch assay for Ca9-22 cells in the presence or
absence of CP
The migratory abilities of Ca9-22 cells were tested by a
scratch assay. We characterized the movement of Ca9-22
cells on TCPS in the presence or absence of CP after
confluent cells were scratched. After scratching confluent
monolayer cells, it could be observed that Ca9-22 cells in a
CP-free medium started to migrate into the scratched site
at 4 hours of incubation (Figure 3A), and the cells in the
medium with 0.1% and 0.01% CP started to migrate into the
scratched site at 8 hours of incubation (Figure 3C and D).
However, when cultured in the medium with 1% CP, the
cells were observed to have tattered morphologies after 10
hours of incubation (Figure 3B, white arrow). After 2-day-
long incubation following a scratch assay, the monolayer
cell morphology that was present before scratch (outside of
the red lines) was disintegrated and cell fragments were
suspended in the medium with 1% CP (Figure 4B). Based on
the results of the scratch assay, it was suggested that the
Figure 1 Optical photomicrographs of Ca9-22 cells cultured on TCPS in a medium in the absence or presence of citrus polyphenol
after (A) 4 hours; (B) 3 days; and (C) 6 days of incubation. Scale bar Z 100 mm. TCPS Z tissue culture polystyrene.
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Figure 2 (A) Metabolic and (B) LDH activities of Ca9-22 cells,
cultured in the absence or presence of CP on TCPS after 6 days
of incubation, were assayed by MTT and LDH. Data were
determined from six independent cultures and expressed as
mean  standard deviation. No significant differences were
noted. Asterisks indicate significant differences from the me-
dium without CP as determined by one-way ANOVA followed by
the Duncan’s test. *p < 0.05, **p < 0.01. ANOVA Z analysis of
variance; CP Z citrus polyphenol; LDH Z lactate dehydroge-
nase; MTT Z 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide; n.s. Z not significant; TCPS Z tissue culture
polystyrene.
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and destroy cell adhesion abilities.
Cell culture of HeLa cells with or without CP
The effects of CP on HeLa cells were investigated by
culturing the cells in the medium with or without CP. It was
found that in the medium containing 1% CP, HeLa cells also
slightly adhered to TCPS and some were suspended in the
medium (Figure 5). In contrast, in other groups of media
without CP or with 0.1% and 0.01% CP, HeLa cells started to
attach to TCPS at 4 hours of incubation. After 3 days of
incubation, a growth of HeLa cells in the media without CPor with 0.1% and 0.01% of CP was observed, but only the
cells in the CP-free medium displayed a confluent
morphology; it revealed that the growth of HeLa cells was
gradually inhibited depending on the concentration of
added CP when cells were cultured on TCPS in the media
containing 0.1% or 0.01% CP. Furthermore, it could be
observed that the cells showed a tight morphology in the
media without CP or with 0.1% or 0.01% CP, and cells in 1%
CP remained unchanged without evident proliferation after
6 days of incubation.
Cell viability of HeLa cells with or without CP
Figure 6A shows the MTT conversion of HeLa cells cultured
on TCPS in the media with or without CP. Regarding the MTT
reduction activities of cells, it was observed that MTT
conversion of HeLa cells in the media was significantly
decreased following the increase of CP concentration.
These results also indicated that the medium with 1% CP
could inhibit the proliferation of HeLa cells.
Figure 6B shows that the releases of LDH of HeLa cells in
the group of media containing 1% CP were lower than those
in the media without CP or with 0.1% or 0.01% CP. A sig-
nificant difference (p < 0.01) was observed after 6 days of
culture. Therefore, it was suggested that the medium with
1% CP would also inhibit the growth of HeLa cells.
Scratch assay for HeLa cells in the presence or
absence of CP
The migratory abilities of HeLa cells were tested by the
scratch assay. After scratching the confluent monolayer
cells, it was observed that HeLa cells did not migrate into
the scratch area when cells were treated in a medium with
1% CP within 18 hours of incubation (Figure 7). After 2-day-
long incubation in the medium with 1% CP following the
scratch assay, although HeLa cells in the area without
scratch (outside of the red lines) retained their original
morphologies, the wound area (between the red lines)
could not be closed; in addition, more suspended cells and
cell fragments were also found (Figure 8B). From the results
of the scratch assay, it was suggested that the medium
containing 1% CP could inhibit migratory abilities.
Erk expression of HeLa and Ca9-22 cells in the
presence or absence of CP
Erk expressions of HeLa and Ca9-22 cells were tested by
Western blot. As shown in Figure 9, Western blot analysis
revealed a low level of phosphorylation of Erk in HeLa and
Ca9-22 cells after 1 day of incubation with 1% CP. Erk
phosphorylation in these two cells are consistent with the
expression of MTT activity (Figures 2A and 6A)
Discussion
Oral cancer cell line, Ca 9-22, from squamous cell carci-
noma was used in this study.26 Some oral cancers may
originate from precancerous lesions with epithelial
dysplasia.27,28 Previous studies also reported that oral
Figure 3 Dynamical process of in vitro scratch assay of Ca9-22 cells in the medium in (A) the absence or presence of (B) 1%, (C)
0.1%, or (D) 0.01% CP on the scratched wells in 18 hours of incubation. Scale bar Z 100 mm. CP Z citrus polyphenol.
176 H.-C. Tsai et al.cancer cells have highly invasive metastasis with an ability
to migrate into surrounding tissues and lymph nodes.29,30
Therefore, inhibition of the proliferation and migration of
oral cancer cells is a very important topic.In order to explore the potential of a simple and natural
substance to inhibit the proliferation and migration of oral
cancer cells, in the present study, CP was used as a sup-
plement to culture an oral cancer cell line, Ca9-22. In 6
Figure 3 (continued).
Citrus polyphenolic compound for oral cancer cells 177days of incubation, Ca9-22 cells in a medium with 1% CP did
not reach confluency (Figure 1). Furthermore, the effects
of CP on metabolic activities and toxicities of Ca9-22 cells
were evaluated. Under these experimental conditions, theMTT reduction assay and LDH assay of cells exhibited
significantly inhibited proliferative effects at all time-
points in the group of media containing 1% CP only
(Figure 2). Regarding the morphologies and viabilities of
Figure 4 Optical photomicrographs of in vitro scratch assay of Ca9-22 cells in the medium in (A) the absence or presence of (B)
1%, (C) 0.1%, or (D) 0.01% CP on the scratched wells after 3 days of incubation. Scale bar Z 100 mm. CP Z citrus polyphenol.
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Figure 5 Optical photomicrographs of HeLa cells cultured on TCPS in the medium in the absence or presence of CP after (A) 4
hours, (B) 3 days, and (C) 6 days of incubation. Scale bar Z 100 mm. CP Z citrus polyphenol; TCPS Z tissue culture polystyrene.
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Figure 6 (A) Metabolic and (B) LDH activities of HeLa cells,
cultured in the absence or presence of CP on TCPS after 6 days
of incubation, were assayed by MTT and LDH. Data were
determined from six independent cultures and expressed as
mean  standard deviation. No significant differences were
noted. Asterisks indicate significant differences from the me-
dium without CP as determined by one-way ANOVA followed by
the Duncan’s test. *p < 0.05, **p < 0.01. ANOVA Z analysis of
variance; CP Z citrus polyphenol; LDH Z lactate dehydroge-
nase; MTT Z 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide; TCPS Z tissue culture polystyrene.
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tration (1%) of CP could inhibit the growth of Ca9-22 cells.
Previous studies showed that polyphenol extracts from
peaches and plums could inhibit the proliferation of breast
cancer cells and tea polyphenol also could induce apoptosis
of breast cancer cells by blocking epidermal growth factor
receptor e mitogen-activated protein kinase (EGFR-MAPK)
signaling.31,32 Thus, it was also suggested that inhibition of
proliferative cell signaling is one of the reasons why CP
reduced the mitochondrial activities of Ca9-22 cells.
Previous studies had shown that oral cancer has a pro-
pensity to spread to lymph nodes.33 Therefore, themigratory abilities of Ca9-22 cells were analyzed by a
scratch assay. After scratching the confluent monolayer
cells, Ca9-22 cells in the medium with 1% CP did not migrate
into the scratch site within 18 hours of incubation
(Figure 3). Subsequently, after 2 days of incubation, it was
noted that Ca9-22 cells in the media without CP or with low
concentrations (0.1% or 0.01%) of CP could close the wound
site; only the cells in the medium with 1% CP lost their
original morphology and then suspended in the medium. As
evident from Figures 1e3, cells in the medium with a high
CP concentration (1%) had not only higher proliferation and
inhibition abilities, but also a higher migratory inhibition
ability than those in the medium without CP or with a low
concentration of CP.
Oral cancer has been proved to be correlated with
human papillomavirus (HPV).34 It can occur in males or fe-
males. It has also been reported that the probability of oral
cancer caused by HPV in males is increasing.35 Recently,
D’Souza et al36 reported that HPV is a causative factor for
both oral and cervical cancers. In addition, previous studies
have shown that the risk of occurrence of HPV-positive oral
cancer is increasing with increasing oral sex and the
occurrence of cervical cancer is also correlated with
HPV.37,38 Based on these reports, we suggest that the cell
type of oral cancer cells is similar to that of cervical cancer
cells, and the effect of CP on cervical cancer cells might be
the same as that on oral cancer cells. Therefore, we want
to investigate the effects of CP on the proliferation and
migration of cervical cancer cells. After 6 days of incuba-
tion, similar to the results of Ca9-22 cells, proliferation of
HeLa cells was not evident in the medium with 1% CP
(Figure 5). Furthermore, regarding the metabolic activities
and toxicity assay, HeLa cells in the group of media con-
taining 1% CP also exhibited significantly inhibited prolif-
eration effects at all time-points (Figure 6). With respect to
the scratch assay, the present data also indicated that
when HeLa cells were treated with a high concentration of
CP, cells would not close the wound site and then became
cell fragments in suspension. The results also confirmed
that polyphenol had a great potential as a therapeutic
agent in cervical cancer.39 In addition, many reports
demonstrated strong associations between cervical cancer,
oral sexual activities, and oral cancer.40,41 Therefore, pre-
sent data suggests that the medium with 1% CP has a po-
tential to inhibit the proliferation of cervical and oral
cancer cells after oral sexual activity. Drosten et al42
showed that inducing phosphorylation of Erk could
enhance the proliferation of human cancer cells. In the
present study, a high concentration of CP might affect
growth and migration of cancer cells via inhibition of the
expression of phosphorylated Erk.
The present study demonstrated that as a supplement
of a cell culture medium, 1% CP in the medium could
inhibit the proliferation of oral and cervical cancer cells.
In addition, 1% CP also inhibited the migratory abilities of
cancer cells in vitro. Furthermore, for the application of
1% CP medium, some reports show hydrogel such as chi-
tosan and alginate could contain the medium or growth
factors to be the control release vectors.43,44 Based on
these concepts, it is envisaged that in the future, we will
directly coat biodegradable hydrogels or hydrogels that
respond to environmental changes with 1% CP in order to
Figure 7 Dynamical process of in vitro scratch assay with HeLa cells in the medium in (A) the absence or presence of (B) 1%, (C)
0.1%, or (D) 0.01% CP on the scratched wells in 18 hours of incubation. Scale bar Z 100 mm. CP Z citrus polyphenol.
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Figure 7 (continued).
182 H.-C. Tsai et al.deliver them topically to target locations, such as human
oral cancer cells, and inhibit the proliferation and
migration of oral cancer cells at an early stage by control
release. We find these results very encouraging becausethese important information for the development of
further topical applications which could be used to inhibit
the growth and migration of cancer cells in oral cancer
patients.
Figure 8 Optical photomicrographs of in vitro scratch assay with HeLa cells in the medium in (A) the absence or presence of (B)
1%, (C) 0.1%, or (D) 0.01% CP on the scratched wells after 3 days of incubation. Scale bar Z 100 mm. CP Z citrus polyphenol.
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Figure 9 Western blots were performed with anti-phospho-Erk and anti-Erk antibodies for HeLa and Ca9-22 cells cultured in the
presence or absence of CP. CP Z citrus polyphenol.
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